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Abstract 
An original program is developed for examination of acousto-optic interaction in biaxial crystals. The program makes it 
possible to calculate for an arbitrary crystal cut all parameters of optical and acoustic waves, frequency dependences of 
the Bragg angles, acousto-optic figure of merit, as well as angular and frequency characteristics of the acousto-optic 
effect. The efficiency of the program is demonstrated by the example of an alpha-iodic acid crystal.  It is shown that in 
the vicinity of optical axes the Bragg angle frequency dependences at the anisotropic diffraction have essentially other 
views in comparison with uniaxial crystals. Crystal cuts with maximal values of the acousto-optic figure of merit are 
found. 
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1. Introduction 
Presently, in acousto-optics optically isotropic and biaxial crystals are used predominantly at designing acousto-
optic (AO) instruments (Balakshy et al. (1985); Xu and Stroud (1992)). However biaxial crystals, in spite of their 
computation complexity, also demonstrate high values of AO figure of merit and can be effectively applied as media 
of AO interaction.  
There are extremely few publications devoted to acousto-optics of biaxial crystals. For the most part, they are 
experimental investigations of different crystal cuts for the purpose of determining elastic and photo-elastic tensor 
components (Kurtz et al. (1968); Pinnow and Dixon (1968); Kaidan et al. (2002); Mil’kov et al. (2012)). In sparse 
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articles referred to AO effect peculiarities in biaxial crystals, only some cuts and geometries of AO interaction were 
analyzed (Kharuzi and Farnell (1970); Pisarevsky and Sil'vestrova (1976); Bogdanov and Sapozhnikov (1989)). 
Since relationships describing AO effect in biaxial crystals have an implicit character, calculations have to be carried 
out numerically, but this requires knowledge of all tensor components. These calculations include: 1) defining all 
parameters of three acoustic modes for prescribed directions of their propagation (phase velocities, polarizations, 
walk-off angles and tensor deformation components); 2) determining refractive indices and polarizations of both 
optical modes; 3) defining of AO figure of merit factors for different variants of isotropic and anisotropic interaction; 
4) calculating frequency dependencies of the Bragg angles; 5) computing angular, frequency and spectral 
characteristics of interaction.  
We have developed a complex program allowing execution of all necessary computations for arbitrary cuts of 
biaxial crystals. This paper presents only separate results illustrating unusual regularities of AO effect in biaxial 
crystals. The calculations are produced for an alpha-iodic acid ( α -HIO3) crystal for which all components of elastic 
and photo-elastic tensors are known (Kurtz et al. (1968); Pinnow and Dixon (1968)). 
2. Frequency dependences of Bragg angles 
Alpha-iodic acid relates to the most known biaxial laser crystals being remarkable for good optically-nonlinear 
and acousto-optical properties. They note as important advantages the absence of optical damage, low acoustic and 
optical losses, the possibility of growing crystals of big size and perfect optical quality, etc. The material is 
transparent in the range 3.14.0 ÷  μm. The crystal exceeds many times quartz and lithium niobate in the AO figure 
of merit. However, acoustic and acousto-optic properties of the crystal are studied only along the crystallographic 
axes (Pinnow and Dixon (1968)). Therefore our aim was a comprehensive examination of this crystal and a search 
of optimal cuts for AO instruments production. All necessary data on elastic moduli ijc  and photo-elastic 
coefficients ijp  are taken from literature sources. 
The figure of merit M is a basic characteristic of AO material which defines its appropriateness for manufacturing 
devices intended for laser radiation control. The calculation of M for different directions of light and ultrasound 
permitted us to find the best cuts. It has been established that the maximal value of the figure of merit 
1510120 −⋅=M  s3/kg is attained when the acoustic wave propagates at an angle of °=θ 38  in the XZ 
crystallographic plane as well as at °=θ 42  in the YZ plane. This value of the figure of merit is 1.6 times larger than 
known from the literature (Pinnow and Dixon (1968)). 
In acousto-optics, one of the principle characteristics is the frequency dependence of the Bragg angle Bθ . The 
dependences ( )fBθ  for the case of anisotropic diffraction which is accompanied with changing optical modes is of 
most interest (Balakshy et al. (1985)). A complicated view of the function ( )fBθ  peculiar to the anisotropic 
diffraction allows choosing the AO interaction region that is optimal for every concrete device. 
Figure 1 shows the dependences ( )fBθ  for different directions of propagation of a slow acoustic mode in the XZ 
plane. The simplest variant is realized when the acoustic wave travels along the X axis (Fig. 1a). The solid curves 
correspond to the case when the incident light has a refractive index αn greater than the diffracted one βn , whereas 
the dashed curves relate to the reverse situation. The direction of light scattering is pointed out as well. For example, 
curve α+1  demonstrates the Bragg angles for scattering of the optical mode α  into the +1st order. The curves touch 
the ordinate axis at the points which correspond to incident light directions along the optical axes; the distance 
between them is °47 . Points D and C show areas that are of interest for practical usage; they are optimal points for 
AO deflectors and collinear filters (Balakshy et al. (1985)). At the point D, a very wide frequency range of AO 
interaction is reached at a fixed incidence angle of light, whereas the point C provides wide-angle collinear 
interaction of light and ultrasound. 
Figure 1b relates to the case when the ultrasound vector K forms an angle of °=θ 70  with the Z axis. Contrary to 
the preceding variant, here the deflector points D correspond to different acoustic frequencies. Therefore, choosing a 
crystal cut in the proper way, one can shift the deflector frequency range to a convenient operation area. We can also 
mark appearance of the tangential point T which is of interest for creating non-collinear video-filters (Voloshinov et 
al. (1996)). 
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Amazing dependences ( )fBθ  take place, when the incidence angles are close to one of the optical axes.  This 
case is depicted in Fig. 1c at an increased scale. The subsequent turn of the K vector to the Z axis changes 
qualitatively the view of the Bragg angle frequency curves (Fig. 1d). It should be emphasized that the dependences 
presented in Fig. 1 have no analogs in uniaxial crystals.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Regions of AO interaction 
The diffraction efficiency ζ  peaks when the light falls at the Bragg angle and, consequently, the phase matching 
condition is satisfied. However in AO instruments this condition cannot be fulfilled in all frequency and angular 
a b
c d
Fig. 1. Bragg angles as functions of acoustic frequency at different directions θ   
of ultrasound propagation in the XZ plane: °=θ 90 (a), °70 (b), °65 (c) and °64 (d). 
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range of operation (Balakshy et al. (1985)). Boundaries of these ranges are determined usually by 3 dB decreasing 
the diffraction efficiency. 
Figure 2 shows a region of AO interaction with tangential (T) and deflector (D) points. Varying the pattern 
brightness from black to white conforms to changing ζ  from 0 to 100%. Horizontal sections of the pattern define 
the frequency range of AO interaction for a chosen incidence angle 0θ , whereas vertical sections give the angular 
range. Similar pictures make it possible to choose optimal parameters of an AO cell at designing AO devices.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As follows from Fig. 2, for this crystal cut the frequency range is very broad; it continues from 300 to 660 MHz 
and exceeds by the factor 3 the range of isotropic diffraction at the same AO cell parameters. Similarly, we see 
simultaneously a super-wide angular range; it amounts °=θΔ 100  at the frequency f = 334 MHz. 
Thus, the anisotropic diffraction in biaxial crystals, due to a specific character of optical anisotropy, permits 
getting in the same cell the Bragg diffraction regime with extremely low angular and frequency selectivity. This 
peculiarity opens new possibilities for improvement of AO instruments.  
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Fig. 2. AO interaction region for the case of acoustic beam propagation at the angle  °=θ 66 . 
